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INTRODUCTION have a limited host range that does not usually include humans

A previous report by Stark et al. (533) reviewed the clinical
significance of various enteric protozoa in immunocompro-
mised (IC) patients. While enteric protozoan infections are
important in IC groups, there is also a large number of non-
enteric protozoa capable of causing significant morbidity and
mortality, particularly in IC patients. The clinical significance
of tissue protozoa in HIV-infected patients has been reviewed
previously by others (308), although due to recent develop-
ments, an update is warranted. This paper reviews the scientific
literature obtainable mostly from the last decade pertaining to
protozoan infections in IC patients. The role of certain tissue
protozoan infections in human pregnancy is also discussed.

Several nonenteric protozoa are capable of infecting multi-
ple cell/tissue types. Furthermore, virtually every human cell/
tissue type is capable of hosting a number of parasitic and
potentially parasitic protozoa. This is particularly true for IC
patients, whose reduced immunity allows these infections to
progress to full capacity without challenge.

The majority of protozoa discussed here have completely
adapted to a parasitic life and are unable to survive in the
absence of their preferred host(s). The nonenteric microspo-
ridia, the trypanosomatids (Leishmania spp., Trypanosoma
spp., and most lower trypanosomatids), Toxoplasma gondii,
Neospora caninum, Plasmodium spp., and Babesia spp. are all
among the true parasites that will be discussed herein. While
many of these protozoa are responsible for zoonoses, some

under normal circumstances. However, in cases of severe
immunosuppression, parasites that rarely infect humans
may do so to cause life-threatening disease. This is true for
the microsporidia and some lower trypanosomatids whose
host range is usually restricted to a few lower vertebrates
and invertebrates.

The coccidian parasite 7. gondii is capable of infecting vir-
tually all warm-blooded organisms (180, 274) but can complete
the sexual component of its life cycle only in the intestine of
cats (178, 274). Human contact with Toxoplasma is common (2,
13, 622), with one-third of the human population believed to
be infected (599). Despite this, Toxoplasma infections are typ-
ically benign (599), with clinically apparent toxoplasmosis oc-
curring almost exclusively in severely IC patients (405, 599).

The role of the coccidian N. caninum in IC patients is vague,
although recent research suggests a role for N. caninum as an
opportunistic organism in IC groups. Neospora is closely re-
lated to Toxoplasma, although Neospora is best known as a
pathogen of veterinary significance. While no human infections
with N. caninum have been confirmed, the high incidence of N.
caninum antibodies in patients with HIV compared to non-
HIV-infected groups suggests a potential role for Neospora as
an opportunistic organism in IC patients (361).

Members of the genus Babesia have a broad host range,
which includes various rodents and ruminants (56, 75, 307).
Several Babesia species are capable of infecting humans, al-
though Babesia microti and Babesia divergens are most often
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associated with human infection (106). While some Babesia
spp. have the ability to cause clinical disease in immunocom-
petent (ICT) humans, there are a number of IC groups that are
predisposed to a more severe form of babesiosis.

Several parasitic protozoa have evolved to cause a poten-
tially fatal disease in ICT humans. Several species of Leishma-
nia, Trypanosoma, and Plasmodium are among this group of
potentially lethal protozoa. In IC patients infected with these
protozoa, disease progression is often more rapid and severe
than that in ICT patients. Immunocompromised patients may
also present with unusual clinical signs. The reduction in the
immune capacity observed for HIV-infected patients also
means that the complete eradication of these protozoa is un-
likely and the risk of disease relapse is high. The human-
infecting species of Leishmania and Trypanosoma are also zoo-
noses (93, 123, 202, 418, 445), and the existence of animal
reservoirs makes the control of these organisms particularly
difficult.

Plasmodium  falciparum, Plasmodium vivax, Plasmodium
ovale, Plasmodium malariae, and Plasmodium knowlesi are the
only five malaria parasites known to infect humans. Plasmo-
dium knowlesi is thought to be the only zoonotic malaria par-
asite, with the ability to cause disease in some nonhuman
primates (350, 415). Plasmodium falciparum causes the most
severe form of malaria, killing approximately 2.7 million peo-
ple each year (546). Plasmodium falciparum is probably an
obligate human parasite without any animal reservoirs, as it
lacks the ability to infect gorillas and chimpanzees (412).

According to the World Health Organization (WHO), ma-
laria and HIV are among the two most important global health
problems of our time (603). Malaria is a huge economic bur-
den in tropical and subtropical countries. The disease is be-
lieved to cost Africa alone approximately $12 billion U.S. an-
nually (603). While the topic is of great significance, the
importance of Plasmodium-HIV coinfections will not be dis-
cussed here in any further detail. This topic is thoroughly
covered in the scientific literature, and there is a wealth of
current resources available (46, 63, 109, 276, 308, 439, 557, 566,
570, 591, 597). The WHO Regional Office for South-East Asia
website (http:/www.searo.who.int/index.htm) also covers this
topic in great detail. One document available from the WHO
website is particularly relevant (603).

Some species of protozoa are not parasitic under normal
circumstances but will invade the tissues of other organisms
if an opportunity is presented. These organisms have no
specific adaptations that enable them to parasitize mamma-
lian tissues and normally survive freely in the environment.
However, human and animal infections do occur on rare
occasions. Infections with these protozoa are almost always
fatal (456, 568, 594). These organisms are free-living amoe-
bae, and the most clinically important of these include Acan-
thamoeba spp., Naegleria spp., Balamuthia mandrillaris, and
Sappinia pedata.

The clinical importance of these pathogenic tissue protozoa
in IC patients is reviewed. Immunocompromised groups dis-
cussed in this paper include transplant patients and pregnant
women, although particular attention is paid to those infected
with HIV.
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NONENTERIC PROTOZOA IN PREGNANCY

The importance of tissue protozoa in pregnancy is a well-
discussed topic in the scientific literature. This topic is also
relevant to the focus of this paper because in the strictest
sense, pregnant women are also IC. This controlled state of
immunosuppression enables the pregnant mother to accom-
modate fetal antigens that would otherwise be considered for-
eign (618). As such, this section has been included in the
manuscript as an introduction to the topic. More detailed
information pertaining to the importance of various tissue pro-
tozoa (including Plasmodium spp.) in pregnancy was reported
previously (43, 63, 70, 72, 73, 161, 192, 195, 203, 342, 432, 482,
499, 564, 565, 600, 616, 624). For information regarding ma-
laria in pregnancy, the WHO website is useful (see http://www
.who.int/features/2003/04b/en/).

During pregnancy, the maternal immune system is shifted to
favor a T helper 2 (T;2) immune response, while the T helper
1 (Ty41) response is downregulated (436, 618). This downregu-
lation of the inflammatory Ty;1-type immune response allows
the mother to tolerate fetal antigens. However, the Tyl re-
sponse is essential for gamma interferon (IFN-y) production
and cytotoxic-T-cell activation, which are paramount to the
eradication of intracellular pathogens such as Leishmania,
Trypanosoma cruzi, and T. gondii (236, 421, 435, 436, 556). The
production of IFN-y is of particular importance to the control
of Toxoplasma infections (289, 429, 435). Generally, a healthy
mother will keep these infections in check for the duration of
the pregnancy. However, the immature immune system of the
fetus means that it is vulnerable to infections that may be able
to cross the uterine-placental barrier.

In a normal pregnancy, the fetal and maternal circulations
are partitioned by a layer of trophoblast cells, which prevent
the direct mixing of the two (236). Large blood components
such as lymphocytes and erythrocytes do not cross this parti-
tion. However, oxygen, nutrients, certain proteins, and endo-
crine molecules are allowed passage by means of active or
passive transport (34). This means that intracellular parasites
with limited host cell specificity, such as Leishmania (macro-
phages, neutrophils, and dendritic cells), Babesia (erythro-
cytes), and the extracellular parasite Trypanosoma brucei, are
unlikely to pose a direct threat to fetal tissues for the duration
of the pregnancy. However, at the time of birth a small amount
of blood is exchanged between mother and neonate when the
placenta separates from the uterine wall (236). This could
allow the transfer of T. brucei, Babesia, or Leishmania infec-
tions from mother to neonate. Even so, congenital infections
with Babesia (515), Leishmania (52), and T. brucei (480) are
uncommon compared to congenital infections with Toxo-
plasma and T. cruzi.

For intracellular protozoa with a broad range of potential
host cells, congenital transmission is reported more frequently.
Toxoplasma gondii and T. cruzi are able to infect virtually all
cell types and by these means have the ability to cross the
placental-uterine barrier.

Chagas’ Disease and Pregnancy

The transplacental transmission of Chagas’ disease occurs
with an efficiency of around 5% to 6% for infections acquired
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in certain regions of Bolivia, Chile, and Paraguay (71, 465,
553). In other areas where the disease is endemic, an efficiency
of 1 to 2% or lower has been reported (465). Recently, due to
an increase in migration, congenital Chagas’ disease has be-
come an increasing public health concern in countries where
the disease is not endemic (70, 223, 399, 615). Approximately
26% of all new T. cruzi infections are thought to be the result
of congenital transmission (42).

Congenital Chagas’ disease is thought to occur exclusively in
pregnant woman who have lesions on their placenta (71).
These lesions cause damage to the trophoblast partition, al-
lowing trypanosomes to enter the fetal circulation (71). Most
congenital infections are asymptomatic or cause nonspecific
illness in neonates (42). However, a portion of these infections
can result in abortion, low birth weight, hepatosplenomegaly,
meningoencephalitis, respiratory insufficiency, anemia, and
premature birth (42, 71, 553). Congenital infections with T.
cruzi have a mortality rate of around 14% (71). Speculatively,
as with Toxoplasma infections, the outcome for the fetus may
be dependent on the time during gestation at which trypano-
somes begin to parasitize fetal tissues.

Toxoplasmosis and Pregnancy

Toxoplasma gondii is the most significant protozoan patho-
gen in human pregnancy. Unlike 7. cruzi, T. gondii has a world-
wide distribution and a broad host range, which includes most
warm-blooded animals. Approximately one-third of the entire
human population is thought to be infected with Toxoplasma.
Furthermore, the efficiency of congenital Toxoplasma trans-
mission in humans was reported to be as high as 19.8% in one
study (270). However, Innes et al. (290) suggested that the
vertical transmission of Toxoplasma is not so efficient. Regard-
less, the importance of Toxoplasma to human pregnancy is
significant.

In primary Toxoplasma infections, the control of the parasite
is dependent on a strong Ty;1 immune response characterized
by the activation of cytotoxic T cells and the production of
IFN-vy (436). This Ty;1 response suppresses the replication and
spread of Toxoplasma tachyzoites, which eventually leads to a
benign infection. However, the Ty1-type response is down-
regulated during pregnancy. If the mother was infected with
Toxoplasma prior to her pregnancy, the risk to the fetus is low.
This is due to the development of immunological memory in
the mother prior to pregnancy. In this case, the maternal im-
mune system is able to suppress infections before they spread
to the trophoblast cells of the placental-uterine partition (435).
However, if the mother acquires a primary infection before 20
weeks of gestation, severe fetopathies can result. These can
include any combination of the following: chorioretinitis, hy-
drocephalus, intracranial calcification, and convulsions (538).
The overproduction of IFN-y due to a primary Toxoplasma
infection early in a pregnancy may also lead to abortion (435).
If infection occurs after 20 weeks of gestation, mild fetopathies
(if any) may be observed (538). The fetus can produce antigen-
specific responses from around 20 to 22 weeks of gestation
(300). This reduction in the severity of Toxoplasma-related fe-
topathies after 20 weeks coincides with the appearance of the
fetal immune system after approximately 20 weeks of gestation.
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Other Protozoa in Pregnancy

Given the close relationship between Toxoplasma and Neo-
spora and the high prevalence and efficiency of congenital
Neospora transmission in cattle (607), Neospora may also
present a risk in human pregnancies. Furthermore, data from
experimental infections carried out with nonhuman primates
suggest that transplacental transmission is also possible in hu-
mans (30). However, the role of N. caninum in human preg-
nancy is yet to be elucidated.

To our knowledge, cases of congenital transmission of all
other tissue protozoa discussed in this paper (the microspo-
ridia, nonhuman Trypanosoma, lower trypanosomatids, and
free-living amoebae) have never been reported.

TISSUE-ASSOCIATED PROTOZOA
Nonenteric Microsporidia

Organism and disease. While the microsporidia are often
described as protozoa (25, 363, 577, 578), recent reports indi-
cated that they are actually more closely related to fungi (199,
256, 351, 376). However, in accordance with convention, the
microsporidia are described here as protozoa.

The term microsporidia is used as general nomenclature for
approximately 1,200 species of obligate intracellular parasites
belonging to the phylum Microsporidia. These ancient organ-
isms are ubiquitous in nature but are usually recognized as
parasites of invertebrates (531). However, due to the emer-
gence of the global HIV/AIDS pandemic, these organisms are
now recognized as opportunistic infectious agents worldwide.
The microsporidia are now recognized as significant human
pathogens, with infections occurring mainly, but not exclu-
sively, in severely IC patients.

Encephalitozoon spp. are the second most common cause of
microsporidial infection in humans after the enteric microspo-
ridian Enterocytozoon bieneusi. Three Encephalitozoon species
are known to cause disease in humans: Encephalitozoon cunic-
uli, Encephalitozoon hellem, and Encephalitozoon intestinalis,
previously known as Septata intestinalis. Encephalitozoon spe-
cies are the most common cause of disseminated microsporidi-
osis (554), and all Encephalitozoon species have the propensity
to disseminate in IC or immunosuppressed patients (166, 217,
540). Encephalitozoon intestinalis is often associated with en-
teric disease (115, 197) but can infect the kidneys (55), nasal
mucosa (167), skin (317), eyes (304), and gallbladder (252).
Encephalitozoon intestinalis may also be detected in saliva,
urine, and bronchoalveolar lavage fluid (167). Encephalitozoon
hellem can cause pulmonary disease (498), keratitis/keratocon-
junctivitis (304), kidney disease, and nasal polyps (252). En-
cephalitozoon cuniculi can infect the intestines, liver, peritoneum,
kidneys, and eyes (252, 304). One case study also described an
undefined species of Encephalitozoon as the cause of sexually
transmissible urethritis in an HIV-infected patient (45).

Trachipleistophora species are less frequently encountered
than Encephalitozoon species. Trachipleistophora hominis is
known to infect the myocardium and skeletal muscle of HIV-
infected patients (132) as well as the conjunctiva, kidneys, and
nasal sinuses (252). Trachipleistophora anthropophthera is as-
sociated with disseminated disease (576).

Nosema ocularum, Anncaliia (formerly Brachiola) algerae,
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TABLE 1. Disease spectra observed for humans infected with various tissue-associated microsporidial species

Species of Microsporidia associated with human disease

Disease spectrum and/or tissue(s) involved

EncephalitozoOn iMIESHNALIS ...........c.ccouvueuevereiinincinieeceecese e

EncephalitozoOn REllem ................cvveeeveeecererieinieieirieieeieeseeeee e
EncephalitozoOn CUNICULT .............coceveveeveeeirieieieisieisieieeeeeeeee e

Undefined Encephalitozoon SPECIES ..........ovvvevenireseniresenerininirenieireeieeseseseneeas

Trachipleistophora hominis

Trachipleistophora anthropoOPRINEra ...............c.cccveeueeveecveeeeieierieeereeeeees

Nosema ocularum, Microsporidium ceylonensis, Microsporidia

africanum, Vittaforma COrMeqe....................cccocececvenccncccncccnesceceenns
Anncaliia (formerly Brachiola) algerae..................cccvneocnneneceneneecueenenee

Anncaliia (formerly Brachiola) vesicularum .
Pleistophora SPECies ..........cvveeevevevereveeenennns

Anncaliia (formerly Brachiola) CONNOYi.........c..c.cvvececunenecnninecnenecreinenne

...... Disseminated disease, enteric disease; kidneys, nasal mucosa, skin,

eyes, and gallbladder; has also been detected in saliva, urine, and
bronchoalveolar lavage fluid

...... Disseminated disease, pulmonary disease, keratitis,

keratoconjunctivitis, kidney disease, nasal polyps

...... Disseminated disease, CNS, intestine, liver, peritoneum, kidney,

and eyes

...... Sexually transmissible urethritis

.Myocardium, skeletal muscle, conjunctiva, kidney, and nasal sinuses

...... Disseminated disease

...... Keratitis in immunocompetent hosts following eye trauma
...... Keratitis in immunocompetent hosts following eye trauma; myositis

in an immunosuppressed patient
.Skeletal muscle infections
.Skeletal muscle infections

...... Disseminated disease infecting the smooth muscle, cardiac muscle,

kidney, liver, lungs, and brain

Microsporidium ceylonensis, Microsporidium africanum, and
Vittaforma corneae are causes of keratitis in ICT individuals
following eye trauma (168, 586). Anncaliia algerae was also
reported to cause myositis in an HIV-negative woman receiv-
ing a range of immunosuppressive drugs for the treatment of
rheumatoid arthritis (82). Anncaliia (formerly Brachiola) ve-
sicularum and Pleistophora species are associated with skeletal
muscle infections in HIV-infected patients (81, 252, 598). In IC
patients, Anncaliia (formerly Brachiola) connori infects the
smooth muscle, cardiac muscle, kidneys, liver, lungs, and brain
(252, 598). A member of the genus Nosema was recently re-
ported to cause keratitis in an ICT patient following bathing in
a contaminated water source (133).

Transplant patients and patients suffering from leukocyte
malignancies are also predisposed to infections with microspo-
ridia. Pulmonary infection in a leukemia patient by an unde-
fined species of microsporidia has been described (314). An
undefined Encephalitozoon was described as the cause of dis-
ease in the graft of an HIV-negative renal transplant patient,
resulting in renal dysfunction (348). Occasionally, the micro-
sporidia may infect immunologically healthy individuals. One
such case involved an unusual E. hellem infection where spores
were being shed in the stool of an HIV-negative, immunolog-
ically healthy traveler (398). Table 1 summarizes the disease
spectra associated with various species of tissue microsporidia.

The transmission of microsporidiosis is poorly understood,
although infection must occur through the direct contact of
spores with potential host cells. In cases of ocular infection,
transmission results from the direct contact of spores with the
eye (304). The inhalation or ingestion of spores from the en-
vironment is the probable mode of transmission for some En-
cephalitozoon species (163).

Diagnosis. The diagnosis of microsporidiosis usually relies
on microscopy. The use of PCR can be difficult due to the
species-specific nature of most PCR assays and the broad
range of microsporidia capable of infecting tissues. A PCR-
restriction fragment length polymorphism (RFLP) assay is
available, which can differentiate between five species of mi-
crosporidia (528) and may be useful if applied to DNA ex-
tracted from infected tissues or fluids. A PCR method for the

differentiation of a number of Encephalitozoon species and E.
bieneusi has also been described, although this method re-
quires downstream processing such as sequencing, RFLP,
and/or Southern blot hybridization (212). Real-time PCR as-
says have been developed for the detection of E. infestinalis
DNA in stool specimens, which may be adapted to tissue spec-
imens (390, 611). There are several other PCR assays available
that may be useful for identifying and/or differentiating various
microsporidia (55, 59, 148, 166, 200, 211, 359).

In cases of ocular infection, microscopic examination of cor-
neal scrapings is usually employed for diagnosis (207). Various
stains may be applied to fixed corneal scrapings, although a
potassium hydroxide-calcofluor white stain was found to be
most efficient in one study (303). A PCR assay has also been
developed for the detection of V. corneae DNA in corneal
scrapings (468). Another PCR assay for the detection of V.
corneae DNA in trichrome-stained smears of corneal scrapings
has also been developed (98).

Calcofluor white and a modified trichrome blue stain (165)
are useful for the detection of microsporidia in clinical speci-
mens such as bronchoalveolar lavage fluid or urine. Calcofluor
white shows greater sensitivity than trichrome blue, although
differentiation between calcofluor-stained yeasts and micro-
sporidia may be difficult (165). While it is less sensitive, the
trichrome blue stain enables better differentiation between
yeast cells and microsporidia (165).

Indirect fluorescent antibody techniques (IFATs) are also
available for some Encephalitozoon species (529), as are a
broad range of non-species-specific stains that can be applied
to tissue biopsy specimens and smears (529, 595). If differen-
tiation between species is necessary and PCR or species-spe-
cific IFAT is unavailable, transmission electron microscopy
(TEM) (Fig. 1) performed on fixed tissue sections may be
useful (55). A direct agglutination test (DAT) is also available,
which can detect anti-E. cuniculi antibodies (302).

Treatment. Albendazole is the drug of choice for the treat-
ment of disseminated microsporidian infections (39). Albenda-
zole demonstrates good antimicrosporidial activity against En-
cephalitozoon species, particularly E. hellem (162, 166, 209), in
vivo and in vitro. The drug itraconazole may also be useful
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FIG. 1. Transmission electron micrograph of an Encephalitozoon
cuniculi spore. The main characteristics are labeled, including the
polar filament (PF), posterior vacuole (PV), plasma membrane (PM),
endospore (EN), exospore (EX), polarplast (Pp), and nucleus (Nu).

when combined with albendazole therapy for infections caused
by Trachipleistophora or Anncaliia (39). Fumagillin is useful for
the treatment of ocular microsporidiosis and is applied to the
site of infection in the form of eye drops (39). Oral clindamycin
therapy may be effective for the treatment of disseminated E.
intestinalis infection (316, 317). Immune restoration following
highly active antiretroviral therapy (HAART) is also necessary
for the resolution or remission of microsporidial disease oc-
curring as a result of HIV infection (224, 393).

Given the close relationship between the microsporidia and
fungi, it is not surprising that certain antifungal compounds
(particularly some benzimidazoles) exhibit good antimicrospo-
ridial activity (164, 233, 489, 491, 532, 617). As such, the future
discovery of novel antifungal compounds may also have impli-
cations for future antimicrosporidial therapy.

Leishmania

Organism and disease. Leishmania spp. are obligate intra-
cellular parasites that cause three major syndromes in humans:
visceral leishmaniasis (VL), cutaneous leishmaniasis (CL), and
mucocutaneous leishmaniasis (MCL) (264). Leishmaniasis is
transmitted between hosts via an insect vector, which includes
species of sandfly from the genera Phlebotomus and Lutzomyia
(609). Infection occurs when an infected female fly takes a
blood meal from an uninfected host, injecting flagellated pro-
mastigotes into the bite wound (609). Promastigotes are then
phagocytosed by macrophages, neutrophils, or dendritic cells
(58, 475). Once inside the host cell phagolysosome, promas-
tigotes transform into nonflagellated amastigotes, where they
multiply by binary fission, eventually destroying the host cell
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(460, 609). While the process of promastigote entry into host
cells is generally described as occurring by means of phagocy-
tosis, this process is now thought to be more complex, involving
a series of host-parasite cell interactions (324, 408, 475). In-
fections with visceral Leishmania species can also be transmit-
ted via blood transfusion and organ transplantation (379).

Various terrestrial mammals are potential reservoirs of
Leishmania infection, including rodents and canids (264, 609).
Most cases of New World leishmaniasis are the result of zoo-
notic transmission from either domestic canids or native wild-
life (282). In these regions, the recent emergence of zoonotic
leishmaniasis is an important public health concern, mostly
attributable to poverty, urbanization, and human migration
(12, 282).

Approximately 12 million people are thought to be infected
with Leishmania worldwide (150). Leishmania infects 500,000
people annually, resulting in approximately 50,000 associated
deaths (374). Approximately 19,000 to 24,000 new cases of VL
are reported each year in sub-Saharan Africa alone, with most
cases occurring in the East African countries of Sudan, Eritrea,
Ethiopia, Kenya, and Somalia (283). In these countries, most
cases of VL are caused by Leishmania donovani, although
Leishmania infantum is occasionally identified as the causative
agent (283). The highest incidence of VL in sub-Saharan Af-
rica occurs in Sudan, particularly on the Ethiopian border. Old
World CL is also endemic to parts of sub-Saharan Africa,
where the causative agent is usually Leishmania major (283).
New World CL and MCL are endemic to parts of Central and
South America, where the causal species is usually Leishmania
braziliensis (218). A list of the clinical syndromes and/or dis-
eases associated with various trypanosomatids (including
Leishmania) is summarized in Table 2.

(i) Visceral leishmaniasis. Visceral leishmaniasis, resulting
from the replication of amastigotes within mononuclear
phagocytes of the liver, spleen, and bone marrow, usually re-
sults in fever, severe cachexia, hepatosplenomegaly, and pan-
cytopenia (170, 264, 408). The symptoms of VL usually develop
after an incubation period of weeks to years (264), and the
disease is invariably fatal if left untreated.

(ii) Cutaneous leishmaniasis. CL is characterized by lesions
on the surface of the skin resulting from the replication of
Leishmania amastigotes within mononuclear phagocytes of the
skin (Fig. 2 and 3). The morphology of skin lesions can vary
greatly. Lesions can exist as ulcers, nodules, plaques, or pap-
ules. Ulcerative lesions eventually heal to leave atrophic scars.
Patients can have multiple lesions at various localities. Typi-
cally, cutaneous lesions appear as well-defined ulcers with
raised borders (248). Other unusual lesion morphologies (veg-
etative, verrucous, crusted, and lupoid) were described by
Guimaraes et al. (248). Cutaneous leishmaniasis can also
present as disseminated skin nodules or papules (Fig. 3) (248).
Ulcerative lesions can be painful, and secondary bacterial in-
fections can occur. Cutaneous leishmaniasis can remain sub-
clinical or may become clinically apparent after an incubation
period of weeks to months (27, 247, 264, 473).

Usually, lesions undergo complete resolution in ICT indi-
viduals. In contrast, lesions in HIV-infected individuals are
more severe, larger, and more diffuse and will increase in size
without treatment (135, 247). Some cutaneous Leishmania spe-
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TABLE 2. Disease spectra observed for humans infected with various trypanosomatids

Clinical syndrome or disease

spectrum

Species

Distribution

Vector genus

Description

Visceral leishmaniasis

Cutaneous leishmaniasis

Mucocutaneous leishmaniasis

Chagas’ disease

African sleeping sickness
(“nagana” in animals)

Sleeping sickness-like
syndrome (“nagana” in
animals)

Fever, chills, and sensory

impairments (“surra” in

animals)

Transient fever (“nagana” in

animals)

Fever, anemia, anorexia, and

sometimes edema

Cutaneous leishmaniasis-like

disease

Visceral leishmaniasis-like
syndrome

Leishmania donovani
Leishmania infantum®
Leishmania chagasi®

Leishmania tropica

Leishmania tropica
Leishmania major

Leishmania aethiopica
Leishmania killicki
Leishmania mexicana
Leishmania amazonensis
Leishmania venezuelensis
Leishmania braziliensis
Leishmania panamensis
Leishmania guyanensis
Leishmania peruviana
Leishmania lainsoni
Leishmania colombiensis
Leishmania pifanoi
Leishmania garnhami

Leishmania panamensis
Leishmania braziliensis
Leishmania braziliensis
Leishmania guyanensis

Trypanosoma cruzi

Trypanosoma brucei
rhodesiense

Trypanosoma brucei
gambiense

Trypanosoma congolense

Trypanosoma brucei
evansi

Trypanosoma brucei
brucei

Trypanosoma
(Herpetosoma) lewisi

Unnamed, highly
divergent member of
the genus Leishmania

Undefined lower
trypanosomatid

Leptomonas
pulexsimulantis-like
organism

Old World; parts of central Asia
and East Africa

Old World; Mediterranean basin,
Central Asia, Middle East, China

New World; parts of Central and
South America

Old World; Mediterranean basin,
Middle East, Southwest Asia

Old World; Mediterranean basin,
Middle East, Southwest Asia

Old World; Middle East, Southwest
Asia, sub-Saharan Africa

Old World; Ethiopia, Kenya

North Africa

New World; parts of Central
America, South America, and the
Southern regions of the United
States

Parts of Central and South America

Parts of Central and South America
and South/Southwestern United
States

Sub-Saharan Africa; Central and

West Africa

Sub-Saharan Africa

Southeast Asia, Africa, and South

America

Sub-Saharan Africa

Malaysia, Africa, and India

Martinique

Spain

Brazil

Phlebotomus
Phlebotomus
Lutzomyia

Phlebotomus

Phlebotomus

Lutzomyia

Lutzomyia

Triatoma

Glossina

Glossina

Any hematophagous fly
species and, in South
America, vampire bats

Glossina

Several species of flea

Vector unknown or
nonexistent

Vector unknown or
nonexistent

No vector; a monoxenous
trypanosomatid usually
infecting fleas

These Leishmania species may cause other
syndromes (such as CL) in IC patients [see
“Leishmania and HIV. (i) Atypical clinical
features”]

These Leishmania species may cause other
syndromes (such as VL) in IC patients [see
“Leishmania and HIV. (i) Atypical clinical
features™]

These Leishmania species may cause other
syndromes (such as VL) in IC patients [see
“Leishmania and HIV. (i) Atypical clinical
features™]

In ICT patients, Chagas’ disease is often associated
with cardiopathies; in IC patients, Chagas’ disease
can also include CNS manifestations [see
“Chagas’ disease. (iv) Chagas’ disease and HIV”]

There is no evidence to indicate that the clinical
course of sleeping sickness is
worsened in IC patients

The disease-causing potential of 7. congolense is not
certain, as the patient in this single report was
also infected with a T. brucei species

T. b. evansi relies on mechanical transmission
between hosts; therefore, any hematophagous
insect or animal is a potential vector; in this
single case report, the patient also experienced
behavioral changes; the infection was partly
attributed to a dysfunctional human trypanolytic
factor

In this case, T. b. brucei caused transient, self-
limiting infection characterized by fever and
severe dyspnea; only a single reported case;
human infections with 7. b. brucei are
controversial

Trypanosoma lewisi infection is usually restricted to
rodents; children seem to be more susceptible to
T. lewisi infection than adults

Only 2 reported cases; this organism caused a small
cutaneous, ulcerative lesion on the eyebrow of an
ICT patient; for an HIV-infected patient, diffuse,
cutaneous, nonulcerative lesions were reported

Only 1 case reported; patient suffered from
symptoms similar to those of VL, including
pancytopenia and hepatosplenomegaly; the
organism was similar to yet morphologically
different from Leishmania; this species was blunt
ended and had a denser kinetoplast

Only 1 case reported; patient suffered from
symptoms similar to those of VL, including
splenomegaly and fever

¢ Tt is under debate as to whether L. chagasi and L. infantum are different species. Some believe that L. infantum was originally brought to the New World during
the Spanish and Portuguese occupation of South America and that these species are identical.
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FIG. 2. Clinical presentation of cutaneous leishmaniasis. (A) Ul-
cerative lesion of the face resulting in complete perforation of the
cheek. (B) Partially healed cutaneous lesion of the hand.

cies also have the ability to induce T-cell anergy and apoptosis
(442).

(iii) Mucocutaneous leishmaniasis. Mucocutaneous leish-
maniasis is restricted to the New World and usually follows a
cutaneous infection. The species most often associated with
MCL is Leishmania braziliensis, although Leishmania pana-
mensis and Leishmania guyanensis may occasionally cause
MCL (264, 609). In MCL, Leishmania parasites travel from the
skin through the lymphatics and/or blood vessels to the mucous
membranes of the mouth, nose, throat, and soft palate (219).
This results in the destruction of the naso-oropharyngeal mem-
branes, and perforation of the nasal septum can occur (14, 173,
264, 609). Mucocutaneous leishmaniasis can occur concur-
rently with a cutaneous infection or months to years after
cutaneous lesions heal (219). The risk of developing MCL
following CL is believed to be less than 5% in ICT individuals
(122, 219). While MCL can result in severe disfigurement, the
mortality rate is low (219).

Leishmania and HIV. Since the 1980s, Leishmania-HIV
coinfections (especially infections with L. infantum) have be-
come an important public health concern, particularly in Eu-
ropean countries surrounding the Mediterranean basin. A
study from 1998 reported that 10% of AIDS patients in south-
ern Spain were also infected with Leishmania (440). Later
studies estimated that 25% to 70% of adult patients with VL in
the southern regions of Spain, France, and Italy were also
infected with HIV (83). In fact, approximately 90% of all
Leishmania-HIV coinfections identified by the WHO up to the
year 2001 came from Spain, Italy, France, and Portugal (10).
Much of the current literature regarding Leishmania-HIV
coinfection in southern Europe comes from Spain, where L.
infantum is endemic and VL is the most common syndrome
encountered. In Spain, prior to 1985, most patients with VL
were ICT children, but after 1998, approximately 80% of pa-
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FIG. 3. Diffuse cutaneous leishmaniasis presenting as widespread,
nonulcerative plaques.

tients with VL were IC adults (362). Visceral leishmaniasis is
also an important disease in HIV-infected persons in East
Africa, South America, and Asia (10, 159).

In HIV-infected patients, the associated reduction in im-
mune function allows latent infections of Leishmania to be-
come clinically apparent (605). In one study, the prevalence of
clinically apparent VL in HIV-infected patients was 2,320
times greater than that in ICT patients (362). Furthermore, the
clinical course of VL is far more severe in HIV-infected pa-
tients than in ICT individuals (18).

Intravenous drug use is probably the largest risk factor for
obtaining a Leishmania-HIV coinfection in southern Europe
(83, 440, 449), with some studies reporting 80% to 90% of all
coinfected patients being intravenous drug users (11, 362).
Furthermore, a more recent report from the WHO stated that
64% of Leishmania-HIV coinfections reported in southern Eu-
rope between 2001 and 2006 were of intravenous drug users
(604). It is probable that the sharing of needles facilitates the
concurrent transmission of Leishmania and HIV in many of
these cases (362).

(i) Atypical clinical features. Leishmania-HIV-coinfected
patients will often present with atypical clinical features. For
example, several studies reported cutaneous or mucocutane-
ous infections caused by the visceral species L. infantum (83,
120, 449). A case of post-kala-azar dermal leishmaniasis was
also reported for an HIV-infected patient coinfected with L.
infantum (534). Leishmania donovani can cause cutaneous dis-
ease in the presence of HIV (189), while Leishmania mexicana
can cause visceral disease (463). While MCL usually follows a
cutaneous infection, MCL has been reported as the first clin-
ical manifestation of AIDS even before CL or other more
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typical AIDS-defining illnesses (135). In a kidney transplant
patient, concurrent cutaneous, visceral, and ocular leishmani-
ases as a result of L. braziliensis infection were also described
(239). Interestingly, one report noted that 20% to 40% of
HIV-infected patients with VL do not exhibit splenomegaly,
which is a typical clinical feature of VL in ICT individuals
(395).

In other cases of Leishmania-HIV coinfection, involvement
of the lungs (83, 362, 584), gastrointestinal system (83, 362),
pancreas (104), and eye (239) has also been reported.

(ii) Leishmania and HIV progression. Leishmania-HIV coin-
fections present a unique problem to clinicians, as Leishmania
and HIV are thought to complement each other’s disease pro-
gression. Some studies suggested that Leishmania may directly
increase the rate of replication of HIV in human macrophages
(158, 610, 623). Visceral Leishmania species also enhance the
progression of HIV infections via the production of certain
antigens that induce apoptosis of CD4 ™" cells (450). Therefore,
CD4" cell counts are an unreliable indicator of the effective-
ness of antiretroviral therapy in these patients (17). Human
immunodeficiency virus infection is thought to increase the
chance of developing VL by 100 to 1,000 times in areas of
endemicity (420). The presence of HIV in VL also improves
the chances of relapse and reduces the likelihood of a thera-
peutic response to treatment (420). Cure of clinically apparent
leishmaniasis may be achieved temporarily for HIV-infected
patients, although it is unlikely that Leishmania parasites will
be completely eradicated (155, 534).

Diagnosis. Conventional (23, 126, 137, 145, 205, 237) and
real-time (91, 154, 396, 569) PCR assays, immunoassays (292,
484, 527), culture systems (17, 53, 527, 535), and microscopy (6,
130, 190) are available for the diagnosis of leishmaniasis. Light
microscopy has been described as the method of choice for the
diagnosis of leishmaniasis (408, 487). Any of the Romanowsky-
based stains, such as a Wright stain (319) or Giemsa stain (130,
466), can be used for the direct microscopic identification of
Leishmania parasites in tissue sections, smears, or tissue aspi-
rates (Fig. 4B and D) (10). The inoculation of tissue aspirate
material onto Novy-MacNeal-Nicolle agar for the cultivation
of live Leishmania parasites may also be useful for diagnosis
but may be impractical for some diagnostic laboratories (487).
In Ethiopia, where L. donovani VL is endemic and resources
are strained, the use of microscopy can also be impractical. In
this case, an L. donovani-specific DAT is preferred (17). The
DAT (and modifications of this test) demonstrate sensitivities
of between 89% and 95% (10). The quantitative buffy coat
(QBC) tube technique is a rapid and simple technique that is
also useful for the diagnosis of VL (356).

Several other serological tests are available, including a com-
mercial IFAT and the rK39 dipstick test (487). The rK39 dip-
stick test is rapid and inexpensive and displays sensitivities of
>90% for the detection of L. donovani-associated kala-azar in
India. However, sensitivities as low as 20% have been reported
for HIV-infected patients with VL in Europe (10). In cases of
severe immunodeficiency, enzyme-linked immunosorbent as-
says (ELISAs) and other serological tests can be of limited use,
as antibodies to Leishmania may be absent despite an active
infection (18, 158). Furthermore, antibodies to some antigenic
epitopes of Leishmania can cross-react with those of Trypano-
soma (and other protozoa), which can make the use of some
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FIG. 4. Microscopic images from clinical samples. (A) Trypano-
soma brucei trypomastigotes in a blood smear (Leishman stain).
(B) Oval-shaped Leishmania infantum amastigotes from a bone mar-
row aspirate (Leishman stain). (C) Toxoplasma gondii tachyzoites from
CSF (Giemsa stain). (D) Typical round Leishmania amastigotes from
a bone marrow aspirate (Leishman stain).

serological tests problematic (10, 79, 381, 581). However, a
recently developed latex agglutination test for the detection of
Leishmania antigen in patient urine samples is available, which
demonstrates good sensitivity and specificity (10).

PCR performed on DNA extracted from fluids, tissue scrap-
ings, or punch biopsy specimens is a sensitive and specific
alternative to serology and antigen detection (438, 527). PCR
applied to peripheral blood specimens is useful for the diag-
nosis of VL in HIV-infected individuals (10). Conventional
and real-time PCR assays for the diagnosis of CL have dem-
onstrated greater sensitivity than microscopy or parasite cul-
ture (130, 391, 516). PCR performed on DNA extracted from
paraffin-embedded tissues is also useful for the diagnosis of CL
(490).

To ensure an accurate diagnosis, it is recommended that
multiple diagnostic techniques are applied (where possible)
when Leishmania infection is suspected in HIV-infected pa-
tients (143, 170, 441).
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Treatment. The antimonial compounds (usually sodium sti-
bogluconate and meglumine antimoniate), miltefosine, and
amphotericin B are the mainstay of antileishmanial therapy
(10, 17, 158, 239, 464, 488).

In developing countries, the pentavalent antimonial com-
pounds are usually the first line of treatment for leishmaniasis
due to their availability and low cost (17, 158). However, these
compounds are quite toxic (17, 125, 149, 158, 362). Further-
more, due to their widespread use for over 70 years, resistance
has meant that antimonials are virtually useless in parts of
India and Nepal (24, 374). In regions of India where antimo-
nial resistance was apparent, pentamidine was once used as an
alternative. However, due to severe toxic side effects, the use of
pentamidine was abandoned (10, 158). Generally, the penta-
valent antimonials are not used in developed countries, where
amphotericin B in various forms is favored due to reduced
toxic side effects. The comparatively low toxicity of amphoter-
icin B enables treatment with higher dosages and, subse-
quently, shorter courses of therapy (609).

Liposomal amphotericin B is the treatment of choice for VL
(488), although it is expensive and may not be feasible in
developing countries (158). In India, oral miltefosine therapy
has gained widespread use for the treatment of VL due to its
effectiveness and comparatively mild side effects (10). How-
ever, as with the antimonials, resistance to miltefosine is likely
to become a future problem in India (408). Other drugs that
have demonstrated anti-Leishmania activity include paromo-
mycin (488), sitamaquine (464), and aminosidine (158), al-
though these drugs have not gained widespread use. Interest-
ingly, the HIV protease inhibitors indinavir and saquinavir
have direct leishmaniacidal activity in vitro (497).

In Ethiopia, sodium stibogluconate is the first-line treatment
for Leishmania-HIV-coinfected patients despite severe side
effects, including a 33% chance that the patient will die of
drug-induced pancreatitis (17). Unfortunately, less-toxic drugs
such as amphotericin B and miltefosine are not as accessible in
Ethiopia (17). Furthermore, Ethiopian patients with a Leish-
mania-HIV coinfection are less responsive to miltefosine than
to antimonials (10).

In a recent study, the efficacy of various regimens for the
treatment of American CL and MCL was reviewed (240). The
findings of that study indicated that the conventional antimo-
nial drugs (sodium stibogluconate or meglumine antimoniate
injected intramuscularly) are efficacious for the treatment of
New World CL and MCL (240). Oral allopurinol and oral
pentoxifylline were also found to be good adjuvants to antimo-
nial therapy (240). Furthermore, the efficacy of the drug milte-
fosine was found to be species dependent, being more effective
against L. panamensis infections than against L. mexicana and
L. braziliensis infections (240).

As with other protozoan-HIV coinfections, HAART result-
ing in immune reconstitution has greatly reduced the incidence
of Leishmania-HIV coinfections in symptomatic patients (10,
147, 151, 488).

Trypanosoma

Members of the genus Trypanosoma are the causative agents
of human African trypanosomiasis (African sleeping sickness)
and American trypanosomiasis (Chagas’ disease), two blood-
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borne diseases, each with an insect vector (32). Usually, two
species of Trypanosoma are associated with human trypanoso-
miasis. These are Trypanosoma cruzi and Trypanosoma brucei
gambiense/Trypanosoma brucei rhodesiense. A broad range of
terrestrial mammals, including cattle, dogs, cats, and wild an-
imals, behave as potential reservoir hosts for these species
(160, 202, 287, 315).

Both species of Trypanosoma infecting humans are transmit-
ted by blood-feeding insects, although they differ fundamen-
tally in their modes of transmission. Trypanosoma brucei is
transmitted in the salivary secretions of tsetse flies from the
genus Glossina, while T. cruzi is transmitted in the feces of
triatomine bugs (1, 127). Trypanosoma brucei infection occurs
when the tsetse fly takes a blood meal (105, 196). Trypomas-
tigotes from the fly’s saliva enter the bite wound and multiply
extracellularly in the blood, lymph, or spinal fluid. Humans
become infected with 7. cruzi when a triatomine bug takes a
blood meal and defecates on the host’s skin. Triatomine salival
secretions cause the host to itch and unknowingly rub the
triatomine feces (containing trypomastigotes) into the bite
wound. Microabrasions caused by host scratching also allow
the entry of trypomastigotes into the host (32). Trypanosoma
cruzi trypomastigotes travel to various host tissues through the
blood and lymph. The trypomastigotes eventually enter host
cells, where they transform into the amastigote stage and mul-
tiply by binary fission until the host cell is destroyed. Trypano-
soma cruzi may also be transmitted congenitally, via blood
transfusion, or via organ transplantation (160, 425). Congenital
transmission of 7. brucei has also been reported although less
frequently (105, 313, 413, 427, 480).

Trypanosoma cruzi and T. brucei also differ in distribution,
with 7. cruzi being endemic in the Southern/Southwestern re-
gions of the United States and parts of Central and South
America (494), while T. brucei is confined to parts of Central
and Southern Africa (32). African sleeping sickness and Cha-
gas’ disease are both potentially fatal in the absence of treat-
ment (32, 103) regardless of the presence of HIV.

Interestingly, human infections with several species of non-
human-infecting trypanosomes have also been reported. The
non-human-infecting trypanosomes 7rypanosoma brucei bru-
cei, Trypanosoma brucei evansi, Trypanosoma congolense, and
Trypanosoma (Herpetosoma) lewisi are usually associated with
animal disease but are now recognized as the potential agents
of a transient, self-limiting illness in ICT humans (138, 299,
305, 495, 521, 560). As most human infections with the non-
human-infecting trypanosomes were not associated with im-
mune deficiencies, the role of these organisms in IC patients is
yet to be defined. However, given their ability to cause illness
in ICT humans, it is likely that these organisms will be recog-
nized in the future as opportunistic agents in IC patients. As
such, several case reports of human infection with these try-
panosomes are also discussed.

Chagas’ disease. Approximately 8 to 9 million cases of Cha-
gas’ disease are thought to exist worldwide, with approximately
50,000 cases reported annually (282). Trypanosoma cruzi infec-
tions in Latin America and the Caribbean are between 5 and
10 times more common than malaria in these regions (282).
The Pan-American Health Organization (PAHO) estimates
that 7.7 million people in 21 countries where the disease is
endemic (including the United States) are infected with T.
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cruzi (494). In recent years, Chagas’ disease has become a
public health concern in countries where the disease is not
endemic due to immigration from areas where the disease is
endemic (293, 294, 502, 601, 615). As such, the screening of
solid-organ and blood donors for Chagas’ disease has become
increasingly important (92, 193, 220, 379). In Canada and some
European countries, blood and organ donors are required to
fill out a questionnaire in relation to Chagas’ disease, and
individuals known to be infected are prohibited from donating
organs (379, 502). In the United States, screening of blood
donors with a recommended enzyme immunoassay has been
implemented but is not yet mandatory (502).

The clinical course of Chagas’ disease is divided into three
stages: the acute, intermediate, and chronic stages (160, 394,
454). At the initial site of infection, inflammation and swelling
usually occur. The acute stage begins when symptoms appear 6
to 10 days after the initial infection and continue for up to 2
months (32, 394). Most infections occur during childhood (32).

(i) Acute stage. The acute phase of Chagas’ disease often
remains unnoticed or misdiagnosed, as the symptoms experi-
enced, including anorexia, fever, malaise, nausea, vomiting,
and diarrhea, are not particular to Chagas’ disease (160). On
rare occasions, death does occur in the acute phase of infec-
tion, usually due to myocarditis or meningoencephalitis (32,
457).

(ii) Intermediate stage. The acute phase of Chagas’ disease
is usually followed by a period of asymptomatic carriage of
parasites, which usually remain with the patient for the rest of
their life. Approximately 50% of all T. cruzi-infected patients
are in this intermediate phase of Chagas’ disease (454). These
patients are generally asymptomatic and unaware of their dis-
ease. However, the presence of a T. cruzi infection can be
demonstrated by serology, PCR, or parasite culture (454).

(iii) Chronic stage. Around 30% of all Chagas’ disease pa-
tients will develop chronic disease, characterized by severe
myopathies and organ and tissue damage after an incubation
period of 10 to 30 years (32, 87). During this stage, cardiom-
egaly, megacolon, and megaesophagus may be observed in
patients (543). The damage inflicted on the heart is often
permanent and severe to the point where late-stage Chagas’
disease patients may require heart transplantation (84, 139).
Heart failure and sudden death will usually occur in the ab-
sence of treatment (32, 543). An abnormal electrocardiogram
(ECG) may be apparent for years prior to the appearance of
symptoms such as cardiomegaly. Therefore, an ECG can be
used for the early detection of chronic Chagas’ disease in
patients with a known 7. cruzi infection (222). Echocardiogra-
phy and chest radiography are also employed to detect heart
abnormalities associated with chronic Chagas’ disease (222).

The management of Chagasic heart disease is usually de-
pendent on individual patient circumstances (44, 221, 437,
481). For the treatment of bradyarrhythmias, a pacemaker can
be fitted (222). For the treatment of certain ventricular
arrhythmias, a cardioverter defibrillator may be implanted
(222). Patients with refractory heart failure are usually as-
sessed as candidates for heart transplantation (222). In trans-
plant patients, there is a risk of reactivation of the disease in
response to immunosuppressive antirejection therapy (44).
There is also a risk of reobtaining a donor-derived infection
with T. cruzi (222, 330). Chemotherapeutic compounds used
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for other heart conditions, such as the B-blockers or the drug
digoxin, may be prescribed for the treatment of Chagas’ dis-
ease-associated cardiomyopathies in some cases (44).

The exact pathological mechanisms associated with chronic
Chagas’ disease are not completely understood (44, 249). Di-
rect tissue damage due to the cycle of host cell infection and
destruction is thought to account, to some degree, for the
damage inflicted during chronic disease. However, it is now
thought that much of the damage associated with chronic Cha-
gas’ disease is due to an autoimmune reaction. In most cases,
the T. cruzi parasite load is disproportionately low compared to
the damage inflicted during chronic Chagas’ disease (44). As
such, the host’s own immune system is thought to play a major
role in the pathogenesis of chronic disease (44, 249). Several
antigens expressed by 7. cruzi are reported to mimic human
proteins, including the cardiac myosin heavy chain and the
cardiac muscarinic acetylcholine receptor (44, 131, 353). This
results in the development of a cross-reactive autoimmune
response (234). As such, the pathogenesis of chronic Chagas’
disease is thought to be more a case of postinfectious autoim-
munity rather than damage inflicted directly by 7. cruzi para-
sites (44, 249).

(iv) Chagas’ disease and HIV. In areas of endemicity, reac-
tivated Chagas’ disease may be the first presentation of HIV
infection (20), and the lethality of 7. cruzi-HIV coinfection is
high (369). In regions where the disease is endemic, reactiva-
tion of latent Chagas’ disease not only occurs in patients in-
fected with HIV (118, 201, 476, 496) but also has been reported
for those with leukemia (9) or lymphoma (208) and transplant
recipients (8, 40, 216).

Typically, severe immunosuppr